Sediments constitute a key compartment of coastal and marine ecosystems. They also constitute the ultimate sink for most of the chemical substances and a source of contamination to the benthic fauna. In this study, we aimed to develop a protocol for acute toxicity tests using the polychaete Armandia agilis as a model species. To achieve that, we evaluated the species tolerance to the salinity of overlying water (in the presence and absence of sediment), the tolerance to sediments with different particle sizes, the sensitivity to reference substances (potassium dichromate -K 2 Cr 2 O 7 , zinc sulfate -ZnSO 4 ; and Sodium Dodecyl Sulfate -SDS), and the responses to clean and contaminated sediments. The species survives in several latitudes on the American coast (North Carolina, Gulf of Mexico, and South-Southeast of Brazil) in different haline conditions (above 20) in typically sandy textures. In Ilhabela (SE Brazil), the species was available throughout the year. The LC 50 -48h values calculated to the K 2 Cr 2 O 7 , ZnSO 4 , and SDS, were 20.94 (33.38-14.04); 4.25 (7.66-2.98); 4.90 (6.59-3.84) mg L -1 respectively; thus A. agilis can be considered as sensitive as other benthic organisms. The responses of A. agilis to environmental sediments were similar to those exhibited by the amphipod Tiburonella viscana, showing that this polychaete is responsive to contaminated sediments. Armandia agilis can be considered a promising organism to be used in sediment toxicity tests.
INTRODUCTION
Ecotoxicological approaches include methods to investigate the biological effects of chemical substances on non-target organisms or their interactions with the environment at different levels of biological organization (Blaise, 1984; Chapman, 2002) . A toxicity test consists in using a biological model (test organism), exposed to an environmental sample or a chemical of interest, in a bioassay, in order to evaluate the adverse effects related to such exposure (ASTM, 2007; USEPA, 1996) . These types of bioassay are sensitive and provide an overview of integrated effect caused by complex mixtures of toxic substances and their interactions (ASTM, 2004; Long et al., 1995) , and constitute a recommended strategy to assess the effects of multiple stressors under the Environment Risk Assessments frameworks (Beyer et al., 2014; Chapman and Smith, 2012; Long et al., 2001) . Toxicity tests have been used worldwide to assess sediment quality (Chapman, 2007; Gomiero et al., 2013; Senese et al., 2010; Torres et al., 2009) ; the strategy of studying sediments is justified because they constitute the ultimate sinks for many substances introduced into the aquatic environment (Burton Jr. and Scott, 1992; Chapman, 1989; Kwok et al., 2014) . The most used protocols include testing the toxicity of both the whole-sediment and liquid phases extracted from the sediments.
Amphipods and polychaetes are the most commonly used organisms for sediment testing around the world (Lamberson et al., 1992; Lewis et al., 2008) . In Brazil, the development of ecotoxicological methods with marine and estuarine species is recent, and a much-reduced number of biological models are already available for sediment testing. The amphipods Tiburonella viscana, Leptocheirus plumulosus, Grandidierella bonnieroides, Hyale nigra and H. youngi have been used to assess the acute toxicity of whole sediment samples (e.g., Abessa et al., 2005; ABNT, 2016; Buruaem et al., 2013; Dewitt et al., 1996; Maranho et al., 2009; Melo and Nipper, 2007; Molisani et al., 2013; Nilin et al., 2013) , as well as the tannaidacea Kalliapseudes schubartii (e.g., Brendolan, 2004; Perina, 2009 ). In the same way, meiobenthic copepods Nitocra sp (e.g., Lotufo and Abessa, 2002; Nilin et al., 2013; Sousa et al., 2012) and Tisbe biminiensis (e.g., Araújo-Castro et al., 2009; Lavorante et al., 2013; Oliveira et al., 2014) have been used to test the chronic toxicity of sediments. However, given the continental scale of Brazilian coast, which presents different environments and high diversity of species, it is necessary to standardize new methods and organisms to be used as model in sediment toxicity tests.
Benthic organisms are the natural candidates to be new test species, as they play a key role in ecological processes involving sediments and represent the exposure in the sedimentary environment. Particularly polychaetes present a large variety of strategies and feeding types, occupying different levels of the marine food web (Fauchald and Jumars, 1979) . Some species of polychaetes can rapidly colonize stressed environments by either natural or anthropogenic factors due to their short life cycle, high fertility and reduced body size (Dauvin and Ruellet, 2009; Ugland et al., 2008) , being thus important indicators of ecological status in marine and estuarine areas. Literature has recommended polychaetes in ecotoxiclogical studies (Ahrens et al., 2001; Allen et al., 2007; Bay et al., 2007; Bat, 2005; Dean, 2008; Dillon and Moore, 1993; French and Turner, 2008; Galloway et al., 2010; Lewis et al., 2008; Lewis and Watson, 2012; Matthiessen et al., 1998; Mauri et al., 2003; McDonald and Haynes, 2001; Pesch, 1979; Ramos-Gómez et al., 2008; Sun et al., 2009; Watson et al., 2013) . . Meador and Rice (2001) used the opheliid Armandia brevis, typical of temperate environments, to evaluate the toxic effects of tributyltin (TBT). For tropical environments another species from the same genus, Armandia agilis, has a high abundance along the Brazilian coast (Amaral, 1980; Amaral et al., 2010; Amaral and Borzone, 2008; Kuk-Dzul et al., 2012; Omena et al., 2012; Silva, 2007; Venturini et al., 2008) and could be considered a potential test organism for sediment toxicity tests.
The primary objective of this study is to develop a protocol for testing the acute toxicity of whole sediment samples by using the polychaete Armandia agilis as a model species. Lethal effects related to the species sensitivity to physicalchemical variables, such salinity and grain size of sediments, and to different types of contaminants were assessed and a validation by testing environmental samples was performed.
MATERIAL AND METHODS
Similarly to other authors (Anderson et al., 1998; Bat and Raffaelli, 1998; Millward et al., 2005) , we adopted the strategy of adapting the existing protocols for whole sediment toxicity testing with amphipods, in special the native species Tiburonella viscana (Melo and Abessa, 2002; Melo and Nipper, 2007) , and the polychaetes Nereis (Neanthes) arenaceodentata (Family Nereididae) and Polydora cornuta (Family Spionidae) , which are used by the Canadian Environmental Agency (EC, 2001) .
Biological aspects of the Test-organism
The polychaete Armandia agilis (first description Andrews -1891) (Figure 1 ) belongs to the Opheliidae family (first description Malmgren -1867), which organisms are characterized by presenting gills in almost all segments, usually as simple cirriform structures. Their head is generally formed by a conical, short or elongated prostomium, with a pair of retractable nuchal organs in the posterior edge. The majority of the parapodia are biramous and present setae. A. agilis is characterized by the presence of lateral and ventral sulcus over the entire body (Silva, 2007) and by presenting about 35 or more setigers. The species presents a short prostomium with small palpodium, and thick gills starting from the second setiger, with small patches of pigment randomly distributed. The individuals present 20 pairs of lateral eyes starting the seventh or eighth segment (Nonato and Luna, 1970; Silva, 2007) .
The species inhabits the first layers of the sediment and its feeding behavior may be classified as deposit feeders, including sediment particles (Tamaki, 1985b) . Thus, we could expect that A. agilis may be exposed to sediment contaminants via respiratory, dermal contact and food ingestion. The species is common in the Atlantic coast from North Carolina, Gulf of Mexico to the Northeast, Southeast and South of Brazil (Amaral et al., 2010; Nonato and Luna, 1970) , and was also reported to the Japanese coast (Tamaki, 1985a; Tamaki, 1985b) . The juveniles can reach up to 1.6cm long in the Pacific (Tamaki, 1985b) , but in the Atlantic Ocean juveniles are smaller (about 0.9cm long), with a whitish coloring feature, being recruited during the summer. The adults have 1.8cm of average size with a sparkling color.
Organisms sampling and Acclimating
The organisms were collected at Engenho D'Água beach (23°47,324'S; 45°21,527'W) in Ilhabela (São Paulo State, Brazil) . This region is relatively well studied, with high marine biodiversity and presents low levels of environmental contamination Melo and Nipper, 2007) . A stainless steel manual dredge (with 1mm mesh) was used to collect the individuals from the region between the intertidal and subtidal zones. In field, the organisms were separated and transferred to plastic
Experimental design
Different experiments were conducted to evaluate the tolerance of the species to different salinities of overlying water (in the presence and absence of sediment), and to different textures of sediments, as well as their sensitivity to reference substances and their response when exposed to environmental samples with different levels of contamination and textures; the responses to environmental samples were compared to those obtained to the amphipod T. viscana. Juveniles were separated from the sediment by using a 300μm mesh, and used in the different bioassays. At the end of the tests, the number of survivors in each replicate was recorded. In all the experiments, the physicochemical parameters (dissolved oxygen, pH and salinity) in the overlying water were monitored according to ABNT (2016) by using digital probes and a portable refractometer.
Tolerance to Water Salinity
In the first experiment, the exposure system was set in 500mL polyethylene flasks as test chambers, filled with 300mL test solution (aqueous exposure only), and the tolerance to different salinities of the overlying water, in absence of sediment, was evaluated. Three replicates were prepared for each salinity (S = 15, 20, 25 30, 35 and 40) ; the treatments were obtained by diluting clean filtered seawater in ultra-filtered water (Milli-Q system), except for the salinities of 35 (natural salinity of the seawater used) and 40 (this salinity was prepared by adding artificial sea salts to the filtered seawater). Five organisms were introduced in each replicate, and the replicates were maintained without aeration and under with constant lighting. The mortalities were recorded at each 24h interval, and the experiment lasted 96h. Significant differences were tested between salinity groups by using one-way ANOVA followed by Tukey test, with the purpose of identifying the range of salinity that does not affect the organisms. To test the exposure time a student t'-test for paired-samples were applied due to the dependence on the exposure time periods.
A second experiment was conducted to assess the tolerance to salinities, but in the presence of sediments. This experiment used the same protocol for preparing the overlying waters with different salinities (15, 20, 25 30, 35 and 40) , but had the addition of 150g control sediment in each of the three replicates of each treatment. Five juvenile individuals were added in each replicate, and the set was kept under constant aeration, temperature (25±2ºC) and lighting. The test lasted 10 days, and at the end of the assay, sediments were sieved and the number of surviving polychaetes in each replicate was recorded. The survival rates in each treatment were compared by using the two-factor ANOVA followed by the Bonferroni test (with p<0.05).
Tolerance to sediment textures
To determine the influence of sediment grain size on the polychaetes survival, an experiment exposing the animals flasks filled with seawater, and sediments were collected to be used in the experiments. Further, the animals were sorted in laboratory and placed in tanks containing clean seawater and sediment from the collection site, which were maintained at 25±2°C and photoperiod (12h:12h -light/ dark). The acclimation period before the experiments lasted between 2 and 5 days, and during this period, the organisms were not fed.
to different sediment textures was set. The control sediment from Ilhabela was washed to remove the effect of the salt, and then dried at 55°C. Then, the sediment was sieved through a set of meshes, selecting different grain sizes: gravel, coarse, medium, fine and very fine sands, in accordance with the Wentworth scale (Wentworth, 1922) . Separation of muddy particles (silt + clays) was made by wet sieving followed by the separation of sieved fraction; this fraction was then dried at 40ºC and stirred before use in the tests.
Three replicates were set up for each grain size fraction, using 500mL polyethylene flasks as test chambers. Each replicate contained 150g of sediment and 300 mL of filtered natural seawater (salinity = 35). Five organisms were introduced into each replicate, and the system was maintained for 10 days, under constant aeration and lighting. The sediments were sieved and the number of survivors was recorded at the end of the assay. The results were analyzed by one-way ANOVA, followed by the Dunnett's t'-test, in order to compare the survival in each textural class with the reference sediment (control) from Ilhabela, which had the following characteristics (average values), after being previously sieved in a 0.5mm mesh: 91.64% sand, 1.3% Organic Matter; 8.23% CaCO3 and absence of toxicity.
Sensitivity to reference substances
The sensitivity of A. agilis was tested for the following reference substances (Table 1) , which are recommended in international protocols (ASTM, 2000; EC, 2001 ): potassium dichromate (K 2 Cr 2 O 7 ), zinc sulfate heptahydrated (ZnSO 4 .7H 2 O) and the detergent SDS -sodium dodecyl sulfate (C 12 H 25 SO 4 Na). Stock solutions were prepared from pure salts, which were diluted in filtered seawater, and only aqueous solutions were tested (ASTM, 2000) , considering six concentrations per substance (Table 1) . The tests had 96h duration, and at the end the polychaetes survival was used as endpoint. Five experiments were performed with each compound in order to provide enough data to the establishment of an initial sensitivity control-chart.
The test chambers consisted of 250mL polyethylene flasks containing 150ml of test solution, in triplicate. Five organisms were added to each chamber, and the system was kept under constant lighting and at 25±2ºC, with no aeration. Mortalities were checked every 24-hour cycle, and when the experiments were finished. The results were analyzed by the Trimmed Spearman-Karber method with Abbott's correction (Hamilton et al., 1977) to obtain the lethal concentrations to 50% of the organisms after 24 and 48 hours of exposure (EC, 2001 ).
Responses to environmental samples
The toxicity of environmental sediment samples was tested to A. agilis and also with the amphipod Tiburonella Viscana, in order to allow a comparison of the polychaete response with a species classically used to evaluate whole sediment toxicity.
The sediments were collected close of the Mucuripe Harbor, Fortaleza, Brazil (3°42.728'S; 38°28.514'W) (Figure 2 ). This study site was selected because of the sediment characteristics (sandy sediments) and the presence of contamination and toxicity, as reported by Buruaem et al. (2012; 2017) . The samples were collected in two campaigns, the first during the Mucuripe dredging process in January 2011, in the stations MD1 to MD3. The second campaign was carried out after the dredging has finished, in July 2011, at the MD1' to MD3'. The stations MD1 and MD2 were located in front of the commercial docks, under the influence of effluent discharges and impacts from the docking ships and piers of the oil refinery; MD3 was situated in an area outside the port area. The reference sediments (control) were collected at Ilhabela (SP) and Icapuí (CE), about 200 km eastward of Mucuripe (Table 2) . Sediment samples were collected using a VanVeen grab (0.026m 2 ). In the laboratory, grain size distribution was measured by a wet sieving in 0.063mm mesh followed by dry sieving of sediments. The sediments textures were classified according to Folk and Ward (1957) . Levels of CaCO 3 were obtained by HCl digestion and gravimetric method (Gross, 1971) , and organic matter (OM) contents were measured by the method of combustion and gravimetric (Luczak et al., 1997) .
For both species, the experiment followed the protocols described to T. viscana (ABNT, 2016; Melo and Abessa, 2002; Melo and Nipper, 2007) . Three replicates were prepared for each sediment sample, in 1L polyethylene chambers containing 200g of sediment and 750mL of clean seawater. Ten organisms (A. 
RESULTS
In all the conducted experiments, the physicochemical parameters of overlying waters in the test-chambers (or test solutions, when it was the case) were evaluated at the beginning and at the end of exposure time, and pH (7.5-8.5), dissolved oxygen (DO) (>5mg L -1 ) and salinity were within the acceptable levels according to the criteria established for T. viscana by Melo and Abessa (2002) . Moreover, the toxicity test acceptance criteria (mean survival rates ≥80% on the controls) were achieved in all tests (USEPA 2002). (Farias, 2008) .
Tolerance to Water Salinity
The salinities range in our experiments (from 15 to 40) was defined in order to comprise estuarine and marine conditions. In the absence of sediments, the results showed significant reduction in survival of organisms exposed to salinities below 20, after 72h. An optimum tolerance range remained between 35-25, with survival means above 80% in all recordings.
The mean survivals were above 80% after 24 and 48 hours exposures. However at 96h, the mean survival rates were lower in all salinities (<66.67%) (Figure 3 ). In the experiment conducted with addition of sediments, (Figure 4 ) the results show significantly lower survivals at 20 and 15 salinities (p<0.05), confirming the results obtained in the test performed only with water.
Tolerance to sediment textures
The results of the bioassays with varying sediment grain sizes are presented in the Figure 5 . The survival rates of A. agilis in each treatment containing the isolated pure fractions (medium, fine and very fine sands) were low when compared to the whole sediment from the reference site (pDunnett≤0.05). Animals exposed to muds presented a highly variable survival, which average was significantly low. On the other hand, animals exposed to coarse sand and gravel fractions presented survival above 60%. This result indicates an effect promoted by the well-sorted condition. By analyzing the reference sample is possible to observe that fine sand isolated fraction (FS) corresponds to 56.02% of the total, followed by the very fine fraction to 32.85%, characterized as fine sand (Table 2) , in this condition the animals present good survival.
Sensitivity to Reference substances
For the three reference substances, the lethal concentrations to 50% organisms (LC 50 ) were calculated for 24 and 48 hours of exposure (Table 3 ). The greatest LC 50 variation between two periods of exposure in a short-term test is called threshold or incipient LC 50 (Buratini and Bertoletti, 2008; Rand et al., 1995) .
Based on the results of 5 toxicity tests with the chosen reference substances, we constructed the respective initial control-charts based on the LC 50 -48h values to the polychaete A. agilis (Badaró-Pedroso et al., 2002; Rand et al., 1995) . Upper and lower limits are determined by calculating 2x the standard deviation of the set of five LC 50 values of each contaminant (Badaró-Pedroso et al., 2002; Buratini and Bertoletti, 2008) . By comparing the contaminants tested, Zn and Cr were more toxic to A. agilis than the SDS (Table 3) .
Environmental samples
Sediment properties of samples from Mucuripe collected during and after the dredging are presented in the table 2. In both surveys, high levels of mud composed the sediments from MD1, while sandy sediments occurred in MD2 and MD3. Levels of CaCO 3 and OM followed the similar distribution of fine particles with the high values found in MD1. After dredging the levels of OM have raised at all sediment samples (MD1'; MD2' and MD3') while the concentrations of CaCO 3 dropped in MD1' and MD3' (Table 2) .
Regarding the results of the toxicity tests, for both exposed organisms, the sediments of Ilhabela induced the highest mean survival rates (>80%). The survivals of the organisms exposed to sediments from Icapuí were lower, but did not significantly different from the rates obtained to the Ilhabela sediments ( Figure 6 ). However, since the polychaetes exposed to sediments from Icapuí presented survival rates lower than those proposed in the international protocols for testing marine organisms (EC, 2001), we decided to use the sediments from Ilhabela as the reference sediment for further comparisons within this work.
The test with T. viscana evidenced toxicity for MD1, MD1', MD2 and MD3 (Figure 6 ). The polychaete A. agilis showed toxicity only for MD1 and MD1' (Figure 6 ). A Pearson correlation coefficient was calculated in order to associate the response of both species and the result produce a marginal significant relationship of both organisms (rPearson=0.62; p=0.055).
DISCUSSION
According to Rand et al. (1995) , a model species is suitable to be used as test organism in ecotoxicological test according to some criteria such as: (I) wide distribution and abundance, (II) plays a key role in the ecological system or affected area (ecological and/or economic importance) (III) responds to chemical exposure; (IV) is easy to sample, acclimate, handle and cultivate or maintain in laboratory; and (V) presents a known biology, in terms of physiological, behavioral, demographic, ecological and genetic aspects. Armandia agilis is distributed along a large spatial extent of the Atlantic Ocean, from the North Carolina (USA) to the south of Brazil (Amaral et al., 2010; Nonato and Luna, 1970) , and also occurs in Japan (Tamaki, 1985a) . Additionally, a test-organism should be available to field sampling all over the year. In nature, A. agilis occupies substrates at depths ranging from 0.3m to 100m deep in muddy, sandy, and dendritic substrates (Amaral et al., 2010; Nonato and Luna, 1970) and is abundant all over the year. Along the Atlantic coast, juveniles are recruited during the summer, increasing their abundance (Nonato and Luna, 1970; Tamaki 1985b) , whereas in the winter season, populations tend to be composed mostly by adults (Tamaki, 1985b) . However, during this research, we have found both adult and juveniles of A. agilis in the Engenho d'Água Beach all along the year. Further studies should be conducted to determine the existence of fluctuations on the population composition of A. agilis, as this factor is relevant if toxicity tests are going to be routinely conducted.
The species tolerance to physical and chemical variables is of main concern when developing a new protocol for sediment toxicity testing. For marine benthic organisms, salinity and sediment texture are such main factors (Lewis and Watson, 2012) , thus the species tolerances must be addressed. The tolerance of A. agilis to different salinities was evaluated in the presence and absence of sediments and the results showed low survival rates in mesohaline conditions (salinities ≤ 20) (Figure 3 ).
Considering the short (96h) and long-term (10d) tests to evaluate species tolerance to salinities, we confirm the characteristics of the specie stenohaline, with the optimal range between 25 and 40. Thus, the polychaete A. agilis does not fit well in estuarine situations, where there are abrupt salinity changes in short periods of time. Melo and Nipper (2007) also reported a reduction in the survival of the marine amphipod T. viscana exposed to salinities below 19. In their turn, Bat and Raffaelli (1998) suggested that seawater at 35 is suitable for conducting bioassays of toxicity with tropical species. The polychaete Polydora cornuta is tolerant to high salinities (25 to 30; see Pocklington and Wells, 1992) , and sediment toxicity tests developed to this species recommends experiments to be performed at 28±2 salinity (EC, 2001) . For the polychaete Armandia brevis, the optimal recommended salinity in bioassays is 30±0.5 (Meador and Rice, 2001 ). For toxicity tests using A. agilis, we suggest the use of natural or synthetic seawater (e.g., dilution water) with salinities higher than 25, and if possible at the salinity range of 35±2 (Table 5) .
Sediment properties may interfere on the results of toxicity tests (Moreira et al., 2006; Rhee et al., 2012) , because many benthic organisms, such as polychaetes, are sensitive to such variables. In such case, sediment properties can affect directly the survival of benthic organisms (Dean, 2008) . In the test with the pure isolated sediment fractions, survival rates below 80% were observed for animals exposed to all fractions, being below 30% among animals exposed to medium, fine and very fine sands ( Figure 5 ). Polychaetes exposed to pure muds presented low survival as well, with high inter-replicate variability (50±25.8%). This would suggest that A. agilis is highly susceptible to sediment textures; however, unlike the fractions selected from the assay, in the natural environment the natural sediments are rarely composed of 100% of a single particle size. For the finer fractions (in special VFS, FS and Mud), it is possible that the organisms could barely deal with a more compacted substrate and low porosity (Selley, 1982) , because under such condition the polychaetes would have some difficult to burrow. Thus, results from this bioassay suggest that young individuals of A. agilis prefer coarser sediments. However, in our study, this species was collected in the Engenho d'Água Beach, in sediments with predominance of fine sands ( Table 2) . As this sediment comprises also muddy particles, coarse sands and gravels, it can be considered heterogeneous, and allow the survival of A. agilis individuals. The sediment from Icapuí (the local reference site) was equally heterogeneous and presented a relevant percentage of calcareous bioclasts (25.19% CaCO 3 ), and the polychaetes exposed to these samples presented a slightly lower survival in comparison to sample from Ilhabela, which was not statistically different ( Figure 6 ).
The fact of A. agilis is sensitive to pure sediment fractions prepared in laboratory may not constitute an obstacle to its use as a test-organism. The amphipod Tiburonella viscana was also considered sensitive to 100% muddy and coarse sediments (Melo and Nipper, 2007) , but it is widely used for testing laboratory and field sediments (Buruaem et al., 2017) , based on the fact that environmental samples are rarely composed by only one type of grain size. Besides, regarding environmental samples, there is rarely a reduction in survival due to texture (Roberts, 2012) . However, under these conditions, it is possible that the sediment texture may be a confounding factor to A. agilis and this aspect should be well addressed if the species is used in sediment toxicity testing.
Another relevant factor for a test-organism is its sensitivity to contaminants. In this study, we exposed A. agilis juveniles to an organic compound (SDS) and two metals (Table 3) in order to verify their sensitivity to such chemicals, expressed by the LC 50 values, and compare it to other invertebrate species used in aquatic ecotoxicology. For the SDS and potassium dichromate, these comparisons could be made considering the substances, whereas for the zinc sulfate, since studies regarding the substance are scarce, a stoichiometric mass balance was made in order to estimate the zinc toxicity, based on the nominal concentrations. For the contaminants evaluated, the LC 50 -48h values were within the ranges obtained in other studies using sensitive benthic organisms ( Table 4) , reinforcing that A. agilis is a potential test organism.
Despite the stigma of being pollution tolerant due to the opportunistic characteristic of some species, the sensitivity of polychaetes has been well documented (Allen et al., 2007; Anderson et al., 1998; Bat, 2005; Bat and Raffaelli, 1998; Mayor et al., 2008; Millward et al., 2005) . Given the ecological importance of the group these results show that the sensitivity of polychaetes to contaminants can be comparable to other sensitive groups, depending on the species of polychaete considered.
Finally, a test-organism for sediment toxicity tests should be able to respond to the sediment contamination and discriminate toxic and non-toxic conditions based on the presence of pollutants. In this study, the sediments used in the validation experiments were collected close to the Mucuripe Harbor (Fortaleza, Ceará State, NE Brazil) which is located in a metropolitan region with more than two million people. This port comprises a terminal from an oil refinery and also passed through a dredging process during our sampling campaigns. Sediments from Icapuí (clean site) were tested as an additional reference, considering its textural profile, which is representative of the Brazilian Northeast coast (Buruaem et al., 2012; Nilin et al., 2013) .
The sediments from the stations situated in the shade portion of the Mucuripe Harbor of the port (MD1, MD1', MD2 and MD2') were more muddy, organically enriched and contaminated by metals and hydrocarbons (Buruaem et al., 2016) (Figure 2 ; Table 1 ). The sediment from MD1 exhibited the highest concentration of Hg, Pb, Cr, Cu, Ni and Zn (Buruaem et al., 2017) , whereas MD2 presented intermediary levels, with lower concentrations in MD3 (Buruaem et al., 2012) . After the dredging process the MD1' sample was still toxic to both organisms tested. The samples from MD1 and MD1' were toxic to A. agilis, while these sediments and those from MD2 and MD3 (during the dredging) were toxic to amphipod. The samples from MD2' and MD3' were not toxic to both organisms ( Figure 6 ). Buruaem et al. (2017) evaluated the same sampling sites during the dredging period and found low survival rates for T. viscana exposed to sediments from MD1, MD2 and MD3; their results were very similar to those obtained by us to both species during the same sampling period. Thus, we inferred that the responses of T. viscana and A agilis were relatively comparable, and that A. agilis was able to respond to contaminated sediments.
However, some differences were found, since A. agilis individuals were affected by sediments of only one site during dredging (MD1), while sediments from all sites caused toxicity to T. viscana. Differences of sensitiveness between polychaetes and amphipods were previously reported in the literature (Millward et al., 2005) , and could be attributed to several factors, as the dietary habit, contact with sediment particles, ingestion of sediments, among others (Melo and Abessa, 2002; Melo and Nipper, 2007; Nonato and Luna, 1970; Tamaki, 1985a) . Similarly to our research, some authors reported higher sensitivity of amphipods (Bat and Raffaelli, 1998; Anderson et al., 1998) , but they strongly recommended the extensive use of the worm, as it was representative of a range of environments. In summary, amphipods and polychaetes have been used in ecotoxicological experiments, and although such benthic organisms have the same patterns of toxicity, punctual responses may be quite different (Anderson et al., 1998; Bat and Raffaelli, 1998; Millward et al., 2005) .
The table 5 summarizes the conditions for sediment bioassays using A. agilis. We suggest the use of a minimum of 4 replicates with 5 to 10 organisms each, in order to provide a greater robustness to the statistical analysis (Badaró-Pedroso et al., 2002) .
CONCLUSIONS
Based on the results, we concluded that A. agilis, which seems to be a typical marine burrowing polychaete, fulfill the majority of pre-requisites to be a test-organism in ecotoxicological studies. The species presents broad geographic distribution, is available in field for all over the year and present good tolerance to laboratory handling and conditions. It is sensitive to contaminants, in a range similar to other marine invertebrates used in ecotoxicological studies. Despite its sensitivity to some pure sediment fractions, this species inhabits heterogeneous substrates, rich in fine and very fine sands. Moreover, when exposed to field-collected sediments with different ranges of pollution, this species is able to discriminate clean and contaminated samples, in a comparable way than a sensitive amphipod. Because of this set of characteristics, we conclude that Armandia agilis may be considered a suitable test-organism for ecotoxicological studies with marine sediments. 
